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HICH=VOLTAGE OD)IDENSEﬁS WITH COMPRESSED=GAS INSULATION 50X1-HUM

) B, M. Gokhberg, ]
[ _ H, M, Reynov and ~i,
M, P, Glikina, i

Leningred PhysiZech Inst, g
Acad of Soi USSR (1941)

This article describes the construction of a high-voltage condenser
for high frequencles which is filled with elegas under pressure. Con=
densers with capacitances of 300, 600, 1200,%%000 /‘/lf vere tested
at 40 kv for frequences up to 1-2x106 with 100% modulation.

1., INTRODUCTION
At present compressed-gas insulation has acquired very great sig-
nificance, Bacsuge of the absence of dielectric losses, gaseous agents |

ore the beot insulation in high-frequency technology. Iny_spite of its

.

small dielectric losses, however, gaseous insulationfo_ould not at first \

compete with solid and 1iquid dlelootrics [beoaue of ita relatively
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{ small resistance to rupture at atmospherlc pressure, which possess a
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greater resistance te rupture,

“The resistance of oS ~

m@o rupture can be raised by oweds increasing the
pressure, In a uniform electrical field the breakdown voltage rilses |
linearly with pressure within tho limits of several tens of atmospheres.
For a non-uniform field the breakdown voltage rises mors slowly, and the
highei ‘the pressure the less the inorease in breakdown voltage for each
subsequent increase in pressure.

Tn radio engineering compressed nitrogen serves to solve the Probwe

the US
lem of gaseous insulation in condensers, In Amewids ocondensers with

B Y ¢ R ot £

nitrogen are beginning to be used and are being widely advertised; the
4 condengers possess & capacitance of 1500-2000 /./d', caleulated for oper=
L ation &t 30,000~40,000 volts, end ere filled with nitrogen up to 40 at-

mospheres.
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Our laboratory in the Leningrad Physloo-Technioal Institute invesw

tigated the breakdown resistance of different gases, Several dozen gases

were studied, especlally gases with electrical resistance higher than that of

g a1r$ We were partioularly tempted by the idea of uwaing such high=re=-

‘ sletance pases as gaseous inswlation and partiocularly by the idea of ap=
plying them to high-voltage no-loss condensers,

Many pases oannot he used, in epite of their high eleotrical resim-

) S
tance, o:}w of eertain unfavorable chemical or physical proper=

e
-':é

o
N

ties, The possibility of using gases with high oleotrical resistance
15 determined by: 1) chomical inertness, 2) the pressure obtainable
without danger of conversion to the liquid state, and 3) weak dissocia-
tion during an electrical diocharge,

Of the gases which we investigeted particular attention was paid
to sulfur hexaflouride which, as it appeared to us, possesses exception-
8lly favorable properties for its use as insulation, Its breakdown re-
sistance 1s 2,5 times greater than ;-b.\ thal ¢f air,

Sulfur hexaflouride (SF6) possesses the following properties: At
~62°C 1ts vapor pressure over solid sulfur hexaflouride equals 760 mm/Hg;
et =50,8°C SFg melto, having a saturated vepor pressure of 1710 mm/Hg;
the eritical temperature of the gas is 54°0; and at room temperatures
the pressure of the saturated vapors approaches several tens of atmos
spheres, Sulfur hexaflouride is chemically stable, possesses a high tem-
perature of disscciation, and dissoclates weekly during an electrical
discharge.

We proposed to use sulfur hexaflouride in various high-voltage de-
vices, particularly in condensers.

In order to indicate the particular usefulness of SF6 for use in
the electrical industry and in high-voltage technology, we conditionally
called 1t "elegas",

-
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2, DESCRIPTION OF THF CONDENSERW DESIGN

The 13- capacitance condensers whloh we construsted and ine

veetigated conslst baslcally of an iron container sealed hermetically
by a 1id to which are attached the condenser plates and a high-poten=
tial lead (outlet), The genmeral form of the condenser is pilotured in
Figure 1,

The high-potential lead is manufactured from optical glass and pos~
pesses en officient configuration (namely, a hemlsphere) for operation
under compression. The lead consists of two hemispheres (A) one funo-
tions and withatands the gas pressure inside the condenser, and the
other hemisphere serves merely as a suprort for the lead shaft (B).

Sevaoral dozen homispheres were satisfactorily tested at hydrosta-
tie loads of 10 tons. To prevent damage, air is innerted at normal
pressure ingide the hemispheres, which is achleved with the aid of vent
(C). This vent also serves to control the compression of the working
hemisphere. Chloroprene packing: (E) is laid betwenn the hemispheres
and the 1id (D); there are similar gaskets between the high-potential
ghaft and the hemispheres.

First the outlet lead is assembled separately on the 1id of the
container and the whole system is tightened by nuts on the high-poten-
tiel shaft, Then, when the condenser has been assembled, the function-
ing hemisphere 1s automatically compressed and sealed by the gas pres=-
gure inside the container,

To guard egainst flash-over along the surface of the insulators and
to improve the electric-fiecld distribution aleng the aurfﬁsz:fifsfizf-
ternal gless insulator, the disk (K) was placed on the higb/55€135:~ To
guard against marginal effects, the disk has a rim with large radius of
curvature,

The condenser conslste of a set of aluminum disks, where the lowa

potentisl plates are mounted on three rode and fastened to the 14d of
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the container and the high-potential plates are fastened to the lead
shaft, The low-potential plates can be moved vertiocally with the aid
of the sorew jacks (L), which are a part of their fastening rods ==
this allows the distance between the high potential and low potential
plates to be adjusted somparatively acourately, In order to distribute
the electric current unifermly, which is essential for the operation
of a condenser at high frequencies (with large ourrents), all three
rods are conneated together by the busbar (M), which is connected by a
terminal on the 1id through e copper load,

At the bottom of the condenser is o guide inswlator (N) to elimi-
nate misalignment betweon the systems of high and low potential plates
(which results from the action of olectric forces between thom because
of inaccurate spacing). The insulator, made of optical glass, is fant=
ened to the ends of tho three rods holding the low-potential plates, ‘
sufficlent clearance being provided to prevent its bresking on heating
up due to different coefficients of thermal expansion of glass and me-
tal. The set of condenser plates ends on both top and bottom with high~
potential plates, This ereates a distributgd eﬁss:ﬂégee;gigiggfn the
space between'th@ plates, bottom,and 114 Jand protocts the
insulators in these gaps from sufface flash~over. In low-capacity con=-
densers the gulde insulator is absent, since the resilient action of a
short high-potentlal shaft is sufficient to keep the plates from becom=
ing misaligned.

The condenser containers are made of seamless tubing with a flange
added for fastening the 1id., The bottom of the conteiner is carefully
welded on both sides. The 11d is fastened on with ten bolts. To achieve
e seal with the container, the 1id has a oireular slot 10 mm wide and

5 mm deep filled with chloroprene packing, m‘co the slotcymms 'b’he oir-
eular end of the oon‘bainer}' qo0es )

The containers as well as the 1ids and high-voltege glass outlet
leads were tested et hydrostatle loads up to 40 atmoépherea, and even
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at this no defeots wers noticed, Te f111 the condenser with gas, &

speclal shuteoff valve was inserted on the gentainer's side, The

valve houelng is so constructed that a manometer placed in it constantly

indiontes the pressure ineide the condenser., The shank of the valve
has a hardened ball on its shut=off end which hermetically seals under

pressure the inlet passage. Ita good properties were proven by lengthy

teats of the valve at high nressures,

In order to reduse heating-up due to high-frequency ourrents, all
iron members were olectroplated with copper,

Flgure 2 shows a photograph of the 2400-/4§kf condenser, and Fig-
ure 3 shows the same condenser in its assemb}ed form and the 1200-/<§&f

condenger,

3., RESULTS OF TSTS

First we tested two condengers for the:foldditngs: 1) sealing prop=
erties, 2) the influence of the distributtqi a;;;é&:é on flash-over and
Sreafkdown Of The Condensers tnswltors

. 3) the behavior of the high=
potential leads under pressure and under heating by high-frequency cur-
tentdy”

In addition, different packing materials were tested for their be=
havior in condensers, After testing the two condenser specimens at di-
rect ourrent in the laboratory end at high frequenciles in the factory,
we had five condensers of different capacitences made.

;z Teste, with nitrogen and elegas, of these five condensers were con-

ducted for direct current and high-frequency currents at different pres-

y

sures and frequencies,
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The condensers were filled, from ordinary cylinders, with nitrogen

passed through ealelum chloride (for partisl elimination of moisturs

from the gas end porous glass filters, At a pressure of 1-2 atmospheres
the condensers were charged at small voltages to destroy and dust re-

meining on the plates. To f4ll the condensers with elegas, the low=
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pressure eleras possessed by the laboratory was brought to a higher

pressure by & thermo-compressor and then introduced into the cendenser.

Figure 4 shows the depandence of breakdown voltage (for direct

» 8
s
B

eurrent) on pressure for a condenser filled with nitrogen and elegae,
Spark-over in eleogas &t & pressure of only 3 kg/em2 ocacurred at 50 kv, i

while spark-over in nitrogen at the same voltage ocourred when the

preseure was 9 kg/cm?. ‘

High-frequency tests were conducted for wavelengths of 1300, 700,
and 250 meters, Pigure 5 shows the comparative rupture ourves of con=-
densers filled with elegas and nitrogen for 700 meters. As is evident
from the ourves, elopas is clearly superior to nitrogen for direct our-
rent and alternating current., It ought to be noted that these curves
do not eceurately desoribe broskdown-voltage versus preasure, aince
the condensers repeatedly broke down during the measurements, which re-
gulted in some damage to the plates and thus to lower values of break-
down-voltages, In addition we should emphasize here that condensers
with gaseous insulation can repeatedly bresk down without getting out
of order unlike condensers with solid or liquid dielectrics in which
rupture leads to irreparable damage to the condenser.

The high-frequency tésts were conducted at 100% modulation?;:::
;iSEL. the reactive power reached 2000 kva in the 1zoo/gfxr condenser,
At thls power the condensers heated up only to about 70°C without any
forced cooling, The glass outlet leads heated up the same amount.
Because the glass was in a reletively low electrical fleld, losses in
the glass were not great, although the loss angle for the glven fype
of glass is 9! (minutes). At present this glase can be replaced with

others having smaller loss angles,

4. SUMMARY OF RESULTS

//—.—-——\\ desi ,'-‘e:l 7:) WI*hﬂlahJ
1. “memmesrsbuaebbon~e! speciel high-voltege 1ead?‘§‘—’zq@'ﬁ‘~"~—'/
were deyvefoped Egnd 'tesfed ¢

preesure w ua&saglass hemispheres operating under compreasion,waw
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CONF'DENTM': azsured

ith & dimple apparatus that W the dis=-
tribution of the electrical field, we tested insulators thebwwewmiiied

-~ & e

f ﬁ operating veltege’ up to 40 kv, peak value, lischeerwashed-for froquen=
cles up to @ L Me

2, Ve first bullt and tested an experimental model, and then five

‘l e
oanghesimcapacitance ocondensers of 300, 600, 1200, 2400, and 4000 Voal

The aondenanrs tested were filled with nitroge: up to 15«18 lttg/t:m2 and

with elegas up to 8«9 kg/om?. The teste showed that the use of elegas
ean lower significantly the pressure in gas-filled condensers (compared

dimere/ons
to nitrogen) or, if the same preasure is kept, can decrease the okge or
increane thn capacitance significantly. _

3. At hiph loads (for example, up to 2000 kva for a capacitance
of 1zoo/¢;af) the stabllized temperaturejkar tha condenser reached about
70°C without foreed cooling, when the surrounding air was about 20°C,

The tests conducted show, as it appears to us, that elegas can be
used exclusively to fill high-voltage condensers, especially for high-
reactive powers and powerful high-frequensy ocircuits,

In oonclusion we wish to thank senior engineer A, I, Eylenkrig,
who conducted the factory tests on high frequencies, and Director of

the Kirov Factory Comrade I, M, Bal'tsman and Shop Foreman Comrade

I. N. Strakovskly, who built the condenser,
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